Abstract Introduction
Introduction
Measurement of indoor/outdoor particulate matter (PM) pollution in real time can be satisfactorily and reliably performed using Optical Particle Counters (OPC), if properly calibrated according to the procedure described in the next paragraphs. The OPC's principle of operation is the nephelometric measurement based on the light scattering of airborne particles. The sample of air is normally drawn into the light scattering sensor (nephelometer) with a flow controlled rotary vane pump. The nephelometer is constituted by a light source (low power laser diode), scattered light collection optics and a photo detector circuit. The flow path for the air crosses the path of the laser diode.
When the air is clean (absence of airborne particulate), the laser diode light is extinguished in a light trap, but when the air is containing airborne particulate, there is scattering of light which is collected and measured.
The output signals from the detector are empirically proportional to the number and size of particles and are elaborated to present the data expressed in number of particles per liter of selected classes of diameters.
However the certified particulate matter measurement systems are based on gravimetric methods and the concentrations are expressed in micrograms per cubic meter (μg/m 3 ) therefore it is necessary to convert the number of particles per liter to mass.
Unfortunately all light scattering devices have inherent difficulties when converting light scatters to mass. Index of refraction and mean particle diameter can affect the amount of light scattered from the same amount of mass 6 . A mathematical equation is applied to the number/size of particles measured by the OPC to obtain first the particle total volume on which a "K" factor is applied to adjust for the specific gravity of the PM to be measured. The simplest solution is to compare the OPC's mass measurements made with default factory "K"=1.000 for a set period of time with the mass measured by a gravimetric system over the same period of time. Comparing the concentrations will yield a "K" that can be applied to all OPC measurements performed by the same calibrated analyzer.
Another factor which greatly influences the mass measurements of the OPC's is the interference of the relative humidity (RH Fig. 1 in which the desired concentration ratio is 1 and, at RH values greater than 50 %, this ratio begins to increase due to particle aggregation (particle size increase as water is absorbed).
Fig. 1
To prevent this inaccuracy it is necessary to provide the OPC measurements with a simultaneous RH measurements and compensate mathematically. However above 80/85 % RH, the interference become so high that inaccuracy in RH measurements brings to unacceptable errors in the concentrations. To obviate to this errors and to permit the use of OPC's also when RH is greater than 80 % it become necessary to reduce the RH to the light scatter chamber to about 50 % either by heating the sample or by drying it by means of permapure dryer™.
Objectives
To evaluate, within the IMPASHS WP2 Project, the performance of four different 
Results

RH Interference compensation
During all tests the RH was measured and all raw data have been mathematically compensated according the Sioutas tests using the following equation: The accuracy of the RH interference correction using the above equation has been experimentally tested measuring continuously the outdoor PM 2.5 concentrations over a wintertime period for 7 days using two OPC's: the model e-sampler and the model Aerocet 531 (same instruments used for the gravimetric calibrations) operating in parallel.
The e-sampler is normally equipped with a sampler heater control system driven by a RH sensor installed on the inlet of the laser chamber and the RH set point is programmable. In this case the RH set point was set at 40 %. The Aerocet is equipped only with a Temperature and RH measurement.
The results are represented in The following tables show the detailed results for each test and each OPC. 
1.-Model Aerocet 531, Metone Instruments Inc. serial # E-1871
Comments
"K" factors were found to vary noticeably not only between manufacturer's model but also between instruments of the same manufacturer with different serial numbers.
Differences in the "K" factors between ETS and urban pollution have also been found and must be taken in consideration during the measurements campaigns.
"K" factor suggesting that there may be changes in urban pollution composition affecting it sensibly, but the evaluation of the amount of these changes needs more investigations.
These facts are confirming the very well known phenomena of optical characteristics modifications caused by changes in the physical/chemical composition and morphology of the PM.
These factors together with the modification in specific gravity are consequently changing the final mass measurement whenever the typology of PM is changing.
In the test conditions, the "K" factors were ranging from 0.5 to 13.1. But despite this wide range, the accuracy and precision for a given typology of PM measured with all OPC's compared with the BAM-1020 measurements were good, ranging from about 0.3500 to 0.9800 and Student t test from about 0.3000 to 0.9500. Also the repeatability of the measurements of all analyzers when used with the same PM characteristics is acceptable.
Conclusion
All OPC's can be considered suitable for the measurements of ETS PM provided the above "K" factors are applied to the raw data. Regarding urban pollution it must be advised that there may be differences in case the physical/chemical composition and morphology of the PM of the site where the measurements are made differs from those of Milan, where the calibration have been made. In this case it is suggested to proceed locally with a further calibration to determine the new factor.
Relative Humidity interference can be compensated mathematically and with acceptable accuracy up to 80/85 % RH, but above these values the error introduced by the RH measurement (normally ±5 % RH) becomes unacceptable and sample drying becomes compulsory.
OPC's are extremely simple and user friendly to use, maybe too simple: just push a button and they go and in a few minutes they produce the data. They are also very reliable and accurate. But the correct interpretation of the data is not so simple;
manufacturer factory calibration data cannot be applied and they absolutely need specific calibration and special care in handling and elaboration of the measurements applying the procedures above described.
